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REGENERATING SULFUR POISONED DIESEL CATALYSTS 



41 , 

This invention concerns improving diesel catalyst performance, especieilly where 
the catalyst is a catalyst in the exhaust gas fiom a diesel engine fuelled by ^higher sulfur*" 
fuel. 



It is well known that fuels, including gasoline or diesel (gas-oil) fuels containing 
relatively high sulfur content, e.g. about 350 ppm Id the case of diesel fiiel, lead to a 
nimiber of disadvantages when trying to clean-up the exhaust gases by some form of 
catalytic aftertreatmenL During the combustion process, sulfur in the fuel is converted to 

15 sulfur dioxide (SO2) which poisons in particular platinum catalysts. The platinum catalyst 
itself catalyses flie oxidation of SO2 to SO3 which adsorbs strongly onto the surfaces of 
platinum particles and is extremely effective as a catalyst poison. Funher contributions to 
poisoning problems arise from the formation of base metal sulfates from the other 
components of a catalyst formulation, which svilfates can act as a reservoir for poisoning 

20 sxilfur species within the catalyst. 

A number of catalysts may be used in association with such lean combustion 
engines as diesel engines, including oxidation catalysts, NOx storage catalysts and the 
combination of platinum oxidation catalyst and a particle filter/trap which utilises the 

25 formation of NO2 from NO in the exhaust gases, and the combustion of trapped sooty 
particles by reaction with the NO2- This system is described in, for example, our EP-A- 
0341832 and such systems are commercially available as the "CRT'™. In all these cases, 
the unavailability of low (<50ppm> sulfur fuel, even for one or two tankfiils, can serioxisly 
degrade the performance of the catalyst, and performance may nevex recover fiilly, or some 

30 other damage may be caused to the engine system or catalyst system. 

Ihere is therefore a real need for a system or a method of operation that will permit 
either the occasional tank filling with high sulfur fuel or even more continuous operation 
using high sulfur fuel, without causing undue damage to the catalyst or the complete 
35 system. 

We have previously proposed, in WO99/11910, a system for the reduction of sulfur 
poisoning in an undcrfloor catalyst, by the initiation of an engine operating system, e.g. by 
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enriching the exhaust gases with CO and/or hydrocarbon, to raise the temperature of the 
catalyst to at least 550^C, Such a system has particular appKcation to a gasoline-fuelled 
engine operating as a stoichiometric (X = 1) engine. 

5 We have now discovered that by perfanning a s«ies of regeneration events a 

"little-and-often", catalytic activity of sulfur poisoned diesel catalysts can be recovered to a 
greater extent than vjhcn regeneration is performed following extended periods of 
sulfation. 

10 ^^^^^^t"^^ According to one aspect, the ikivention provides a diesel (compression ignition) 
engine having combustion management means and an exhaust gas aftertreatment system 
without a NOx trap, which system comprising a platinum group metal (PGM) catalyst 
liable to be poisoned by fuel siilflr to cause significant degradation of catalyst 
performance, v*ich engine is fuelled, at least intermittently, by a diesel fiiel containing 

15 such levels of sulfur as to cause poisoning of the catalyst, wherein the combustion 
management means is effective to modi late the air/fuel ratio (X) to 0.90, preferably 0.95, 
or richer to provide a series of peak enrii ^hments for a time which is in aggregate sufficient 
to cause release of significant quantities of sulfur-containing species from the catalyst or 
catalyst components, and wherem eacl regeneration is for 10 seconds to 10 minutes, 

20 whereby the catalyst is regenerated. ^ 

The combustion management means may initiate the necessary level of enrichment 
according to a pre-detemiined frequency, or in response to a condition indicating catalyst 
poisoning or the danger of catalyst poisoning, for example by some form of sensing of 
25 sulfur levels either directly or indirectly. This may be achieved, for example by on-board 
diagnostics indicating that Hie catalyst is no longer performing in the correct and 
appropriate manner. 

The combustion management means ideally forms part of a conventional electronic 
30 engine control unit. 

Conventional Diesel engines normally operate under lean conditions, with , a 
considerable excess of oxygen over that required for combustion of the hydrocarbon fixel. 
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However, some engines may operate at a sUghtly rich condition in some parts of their 
load/speed map. Such regions caa be extended by appropriate control of fuelling, EGR 
rates, and if necessary throttling air intake to one or more of the cylinders. 



lodem diesel engine designfc are tending towards so-called "common-iail" fcel 
Injwtioi systems. The use of these We particularly preferred in the present invention 
because of the abiUty to control quaiiity and timing of fuel injection. Accordingly, one 
method of operating the present invenion is to incorporate, during the enriched operating 
conditions, such a quantity of fuel post fcombustion in Ae main power stroke, as to reach in 
10 the exhaust gases, 8 of 0.95 or richer. tL may be achieved by generaUy Imown means. 
The post combustion enrichment may bi in one or more of the cylinders, providing that the 
overall air/fiiel ratio reaches 0.95 or richlr. Of course, the quantity of air may be restricted 
as an alternative, or in addition, providini that driveability is not noticeably affected. 

15 It is envisaged fliat the simplest method of operating is to cause enrichment to a pre- 

deteraiincd level for the necessary time. However, it may be more advantageous to ramp 
up to either a peak or a plateau, or to carry out a series of peak enrichments. The ideal 
fonnal may be detennined for any particular engine and catalyst system by routine testing. 
The enrichment profile may be varied according to operating conditions. : 



20 



25 



30 



We believe, although we do not wish to be restricted by theory, that the present 
invention permits the release of sulfur both as SCb and as SO3 from a poisoned catalyst 
surface. It is preferred to avoid catalyst components which store or retain sulfur species. 

• * * I . : * 

The air/fuel ratio necessary for successful regeneration depends on the temperature, 
and the catalyst concerned. For practicaUy convenient tcn?)eratures to be effective 
nonnally X = 1. or a sUghtly leaner environment is required, suitably to X - 1.1. 
Regenerationtimes are lower withmore strongly reducing conditions. Typically X - 0.95 is 
appropriate at temperatures in the range 250-500X. More strongly reducing conditions can 
result in formation of increasing amounts of undesirable hydrogen sulphide (H^). This has 
a disagreeable odour, and is itself a powerful, catalyst poison that strongly adsorbs to metal 
catalyst suifeces. Accordingly, present indications are that X = 0.90 to 1.1 is a suitable 
range,' - . . ' 



SXNHXVd AHHIXVn TWSNHOf " LZZZVZZ 8TT0 XVi BS^BT TOOZ Zl/ri 



"i! S*"!! iTl! *^ ^^ll ^il ^ -i^!- 



^ ,4„ lUH II, J .^t** Jl.jyjl' .iJ^' ai ...H** .H^. 



10 



According to a fiirdier aspect, the inventioii provides A method of regen^^ 
PGM catal5rst poisoned by sulfur in the exhaust gas aftertreata^_jystei^of a diesel 
engine, which system does not include a NO^ trapjjjsii^meSod comprising modulating 
! ib& air/fuel ration (X) of Ae exhaust^gascTpassing through the catalyst, to X = 0.90, 
preferably 0.95, or richer to,.^(J%nde a series of peak enrichm«its for a time which is in 
aggregate sufBciept-t^^use release of significant quantities of sulfur-containing species 
from the cati^t or catalyst components, and wherein each regeneration is for 10 seconds 
to iP'^inutes, whereby the catalyst is regenerated. 

Desirably, during tiie enriched operating condition, catalyst temperatures are in the 
range 200-500*'C, preferably 350-500'C, although other ten^eratures may be used, up to 
600*'Cormore. 

IS In general, inaeasing the catalyst temperature decreases the time necessary to 

achieve m^xi^"*^ regeneration, and increasing time at temperature increases the degree of 
reactivation. Accordingly, our initial tests have been successful wlA regeneration times of 
ftom 10 seconds to 5 minutes. A suitable time is therefore considered to be from 2 seconds 
to 10 minutes, preferably in the form of shorter times or pulses, for example i250 

20 milliseconds to 5 seconds. 

In a particularly preferred embodiment, the exhaust gas aftertreatment system 
includes an oxidation catalyst and a downstream particulate or soot filter i.e. it includes our 
CRT™ system as described in EP-A-0341832. According to this aspect, the invention 
25 provides an engine according to the invention wherein the catalyst is an oxidation catalyst 
and the exhaust gas aftertreatment system also includes a particle or soot filter downstream 
of the catalyst 

Gas flow rate has an effect on the time necessary to complete regeneration,: and 
30 suitable space velocities for the exhaust gases are in the range 5,000 to 50,000 hour'^ 

Although post combustion injection into the engine cylinder is, at present, the 
preferred method of operation according to the present invention, the invention 
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encompasses direct iioection into the exhaust gases, which may be in or close to the 
exhaust manifold, or into or close upstream of the catalyst housing. 

The following Examples illustrate prior art methods and anangements and provide 
useful background for understanding the present invention. 

EXAMPLE 1 

A standard production 1997 model year European passenger car with a five 
cylinder 2.5 litre displacement direct injection Diesel engine that was calibrated to meet 
European Stage 2 emission levels was used without modification to the engine or its 
management systems. 

The car's exhaust system was equipped with a single round platinum-based 
oxidation catalyst located in an underfloor position. The catalyst comprised a cordieiite 
monoHth having 400 cells/inch^ (62 cells cm"^), with an external diameter of 5.66 inch 
(14.38 cm) and length 6 mch (15.24 cm), carrying a washcoat with a platinum loading of 
90g/ft^(3.18gr^). 

The vehicle was tested according to the Stage 3 European procedure, without any 
idle period. In each case the results given are the average of three independent 
measurements, and are expressed as grams of pollutant/km, which were derived 
in the normal way. In all of the tests the NOx figures were similar, but the NO2/NO ratio 
depended on the catalyst activity. In this experiment only hydrocarbon and 
carbon monoxide tail pipe measurements were made. 

The exhaust gas directly from the engine contained 0.340 and 1.074 g/km 
hydrocarbon and carbon monoxide re^jectively. ' ■ = " ' ' 

With the fresh catalyst the tailpipe hydrocarbon and carbon monoxide figures Vk^ere 
0.102 and 0.195 gAon respectively. However, after 17600 km road operation with diesel 
fuel typically containing 350 ppm suMiir the tailpipe emissions had risen to 0.287 and 
0.823 g/km for hydrocarbons and carbon monoxide respectively. Changing the fuel to a 
grade containing 38 M)ro sulfior foUowed by noraial driving for 1500 km did not 
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significantly in^iove the catalyst pcrfonnance. The tail-pipe emissions were 0^47 and 
0.808 g/km for hydiocazbon and carbon monoxide respectively. 




The catalyst in its stainless steel eAclosure was then removed from the car and fitted 
to fte exhaust system of a four-cylinder sngine capable of operating sUghtly lich. It was 
coupled to a dynamometer mounted on a bench. The fiiel used contained 250 ppm sulfiir. 
The catalyst was exposed to exhaust gas corresponding to 8 = 0.95 for a total period of 
5 minutes at a maximum of SOCC. Tie average temperature was 450»C. After this 
treatment the catalyst was refitted to the car and retested in the standard way, with the 
following results: 0.119 and 0.257 glan for hydrocarbon and <^bon monoxide 
respectively. 



These experiments show the . oxidation performance of a catalyst deactivated 
through use with sulfiir containing fuel can be reactivated by a short reductive process, 
IS evCT in the presence of sulfiir. 



EXAMPLE 2 



A similar platirum-bascd catalyst to that in Example 1, that had beai road aged 
20 (with fuel containing typically 350 ppm sulfur) for 18240 km on the same car as in 
Example 1, gave the following tail pipe emissions in a European Stage =3 test: 0.270 and 
0.856 g/km for hydrocarbon and carbon monoxide respectively. 

A core (25 mm diameter, 38 mm long) from the middle of this catalyst was taken 
25 with the aid of a diamond tipped tool. The sample was placed into a laboratory test unit. A 
gas flow containing 400 ppm caibon monoxide. 300 ppm nitric oxide, 100 ppm propene, 
12% oxygen, 4.5% water, 4.5% carbon dioxide, and 20 ppm sulfur dioxide with nitrogen 
balance was established through the catalyst core at a rate corresponding to a space 
velocity of 60 x 10* hour-\ The conversion of nitric oxide to nitrogen dioxide over the 
30 catalyst was 19% at 300'*C. 

The catalyst core was then subjected to a reductive regeneration. procedure at A. = 
0.95. with the same space velocity as before. The X = 0.95 condition was obtained by 
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increasing the proportion of carbon monoxide and propene, and decreasing the flow of 
oxygen. The temperature was graduaUy increased to 450"C over 15 minutes, during which 
time a large amount of sulfur dioxide was liberated from tiie catalyst that was detected by a 
mass spectrometer. No hydrogen sulphide was detected by the mass spectrometer, nor was 
any carbonyl sulphide. It was determined that 0.56 wt% of sulfur absorbed on the catalyst 
had been liberated. These tests showed that the catalyst activity recovered as sulfur was 
removed. 

The gas composition was then reset to that used initially, and the nitric oxide 
conversion to nitrogen dioxide measure to be 63% at 300*'C, showing the ability of the 
regeneration procedure to reactivate catalyst for the oxidation of nitric oxide to nitrogen 
dioxide. 
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